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(g) Chromosome-specific staining to detect genetic rearrangements. 

(5?) Provided are methods and compositions for staining chromosomal material based upon nucleic acid 
sequence employing high complexity nucleic acid probes wherein the staining pattern produced is 
indicative of the presence or absence of one or more genetic rearrangements involving chromosomes 3, 
13 and/or 17. Said probes are appropriate for in situ hybridization and stain both interphase and 
metaphase chromosomal material with reliable signals. The staining methods can be used in conjunc- 
tion with digital image analysis. Probes and test kits are provided for use in detecting genetic 
rearrangements, particularly those related to tumor suppressor genes, in the detection of disease 
related loci, specifically cancer, such as retinoblastomas, osteosarcomas, lung cancer, breast cancer, 
ovarian and uterine cancers, and for biological dosimetry. Reference probes, for example, centromeric 
alpha satellite probes, can be a component of the high complexity probes. 
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The United States Government has rights in this invention pursuant to Contract No. W-7405-ENG-48 be- 
tween the U.S. Department of Energy and the University of California, for the operation of Lawrence Livermore 
National Laboratory. 

5 FIELD OF THE INVENTION 

The invention relates generally to the field of cytogenetics, and more particularly, to the field of molecular 
cytogenetics. The invention concerns methods for identifying and classifying chromosomes. Still more particu- 
larly, this invention concerns high complexity nucleic acid probes which can be designed by the processes des- 

10 cribed herein to produce staining distributions that can extend along one or more whole chromosomes, and/or 
along a region or regions on one or more chromosomes, including staining patterns that extend over the whole 
genome. Staining patterns can be tailored for any desired cytogenetic application, including prenatal, tumor 
and disease related cytogenetic applications, among others. The invention provides for compositions of nucleic 
acid probes and for methods of staining chromosomes therewith to identify normal chromosomes and 

is chromosomal abnormalities in metaphase spreads and in interphase nuclei. The probe-produced staining pat- 
terns of this invention facilitate the microscopic and/or flow cytometric identification of normal and abnormal 
chromosomes and the characterization of the genetic nature of particular abnormalities. 

Although most of the examples herein concern human chromosomes and much of the language herein is 
directed to human concerns, the concept of using nucleic acid probes for staining or painting chromosomes is 

20 applicable to chromosomes from any source including both plants and animals. 

BACKGROUND OF THE INVENTION 

Chromosome abnormalities are associated with genetic disorders, degenerative diseases, and exposure 
25 to agents known to cause degenerative diseases, particularly cancer, German, "Studying Human Chromo- 
somes Today," American Scientist , Vol. 58, pgs. 182-201 (1970); Yunis, "The Chromosomal Basis of Human 
Neoplasia," Science , Vol. 221, pgs. 227-236 (1983); and German, "Clinical Implication of Chromosome Break- 
age," in Genetic Damage in Man Caused by Environmental Agents , Berg, Ed. f pgs. 65-86 (Academic Press, 
New York, 1979). Chromosomal abnormalities can be of several types, including: extra or missing individual 
30 chromosomesTextra or missing portions of a chromosome (segmental duplications or deletions), breaks, rings 
and chromosomal rearrangements, among others. Chromosomal or genetic rearrangements include translo- 
cations (transfer of a piece from one chromosome onto another chromosome), dicentrics (chromosomes with 
two centromeres), inversions (reversal in polarity of a chromosomal segment), insertions, amplifications, and 
deletions. 

35 Detectable chromosomal abnormalities occur with a frequency of one in every 250 human births. Abnor- 

malities that involve deletions or additions of chromosomal material alter the gene balance of an organism and 
generally lead to fetal death or to serious mental and physical defects. Down syndrome can be caused by having 
three copies of chromosome 21 instead of the normal 2. This syndrome is an example of a condition caused 
by abnormal chromosome number, or aneuploidy. Down syndrome can also be caused by a segmental dupli- 

40 cation of a subregion on chromosome 21 (such as, 21q22), which can be present on chromosome 21 or on 
another chromosome. Edward syndrome (18+), Patau syndrome (13+), Turner syndrome (XO) and Kleinfelter 
syndrome (XXY) are among the most common numerical aberrations. [Epstein, The Consequences of Chromo- 
some Imbalance: Principles, Mechanisms and Models (Cambridge Univ. Press 1986); Jacobs, Am. J. 
Epidemiol , 105:180 (1977); and Lubs et al., Science, 169:495 (1970).] 

45 Retinoblastoma (del 13q14), Prader-Willi syndrome (del 15q11- q13), Wilm's tumor (del 11 p13) and Cri- 

du-chat syndrome (del 5p) are examples of important disease linked structural aberrations. [Nora and Fraser, 
Medical Genetics: Principles and Practice , (Lea and Febiger 1989).] 

Manuelidis et al., "Chromosomal and Nuclear Distribution of the Hind III 1 .9-KB Human DNA Repeat Seg- 
ment," Chromosoma, 91 : 28-38 (1984), disclose the construction of a single kind of DNA probe for detecting 

so multiple loci on chromosomes corresponding to the location of members of a family of repeated DNA sequ- 
ences. Such probes are herein termed repetitive probes. 

Different repetitive sequences may have different distributions on chromosomes. They may be spread over 
all chromosomes as in the just cited reference, or they may be concentrated in compact regions of the genome, 
such as, on the centromeres of the chromosomes, or they may have other distributions. In some cases, such 

55 a repetitive sequence is predominantly located on a single chromosome, and therefore is a chromosome-speci- 
fic repetitive sequence. [Willard et al., "Isolation and Characterization of a Major Tandem Repeat Family from 
the Human X Chromosome," Nuc. Acids Research, 11 : 2017-2033 (1983).] 

Recently, there has been an increased availability of probes for repeated sequences (repetitive probes) 
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SUMMARY OF THE INVFMT^ M 
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accord^gTmrod^ app (y ing the reagents of this invention 

of the sta,n ( ng patterns produced. 9 prox,mit y°f and/or other characteristics of the signals 
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invention. Another way to produce such a probe is to use the polymerase chain reaction (PCR), for example, 
by the PCR adapter-linker method. 

Heterogeneous in reference to the mixture of labeled nucleic acid fragments means that the staining rea- 
gents comprise many copies each of fragments having different sequences and/or sizes (e.g., from the different 

5 DNA clones pooled to make the probe). In preparation for use, these fragments may be cut, randomly or speci- 
fically, to adjust the size distribution of the pieces of nucleic acid participating in the hybridization reaction. 

As discussed more fully below, preferably the heterogeneous probe mixtures are substantially free from 
nucleic acid sequences with hybridization capacity to non-targeted nucleic acid. Most of such sequences bind 
to repetitive sequences which are shared by the target and non-target nucleic acids, that is, shared repetitive 

w sequences. Methods to remove undesirable nucleic acid sequences and/or to disable the hybridization capacity 
of such sequences are discussed below in Section II. 

A preferred method of making the chromosome-specific staining reagents of the invention includes: 1) iso- 
lating chromosomal DNA from a particular chromosome type or target region or regions in the genome, 2) 
amplifying the isolated DNA to form a heterogeneous mixture of nucleic acid fragments, 3) disabling the hyb- 

15 ridization capacity of or removing shared repeated sequences in the nucleic acid fragments, and 4) labeling 
the nucleic acid fragments to form a heterogeneous mixture of labeled nucleic acid fragments. As described 
more fully below, the ordering of the steps for particular embodiments varies according to the particular means 
adopted for carrying out the steps. 

Disclosed herein are methods of detecting genetic rearrangements associated with the retinoblastoma 

20 tumor suppressor gene, chromosome 3, and/or chromosome 17 in humans comprising the steps of: 

a. hybridizing appropriate high complexity nucleic acid probes, as exemplified herein, to targeted 
chromosomal material; 

b. observing and/or measuring the proximity of and/or other characteristics of the signals from said probes; 
and 

25 c; determining from said observations and/or measurements obtained in step b) whether one or more gene- 

tic rearrangements has or have occurred. 

Further disclosed herein are chromosome-specific staining reagents that provide staining patterns indica- 
tive of one or more genetic rearrangements associated with the retinoblastoma tumor suppressor gene, 
chromosome 3, and/or chromosome 17 in humans, produced by the process of: 
30 isolating chromosome-specific DNA selected from the group consisting of chromosomes 3, 13 and 17;. 

amplifying pieces of the isolated chromosome- specific DNA; 

disabling the hybridization capacity of and/or removing shared repetitive sequences contained in the 
amplified pieces of the isolated DNA to form a collection of nucleic acid fragments which hybridize predomi- 
nantly to targeted chromosomal DNA on chromosomes 3, 13 and/or 17; and 

35 labeling the nucleic acid fragments of the collection to form a heterogeneous mixture of nucleic acid frag- 

ments. The amplification step can be achieved, for example, by cloning and/or by using the polymerase chain 
reaction (PCR), including the PCR adapter-linker method. 

Digital image analysis is disclosed herein as a useful adjunct to the staining methods of this invention, per- 
formed in conjunction therewith. 

40 The methods of this invention include staining targeted chromosomal material based upon nucleic acid 

sequence employing high complexity nucleic acid probes wherein the staining pattern produced is indicative 
of one or more genetic rearrangements associated with a tumor suppressor gene. A representative method is 
that wherein the tumor suppressor gene is either the retinoblastoma tumor suppressor gene or located on the 
p arm of chromosome 3, and wherein the genetic rearrangement is a deletion. 

45 This invention still further provides for test kits comprising appropriate nucleic acid probes for use in tumor 

cytogenetics, in the detection of disease related loci, in the analysis of structural abnormalities, for example 
translocations, among other genetic rearrangements, and for biological dosimetry. 

This invention further provides for prenatal screening kits comprising appropriate nucleic acid probes of 
this invention. 

so It is further an object of the instant invention to detect small specific deletions invisible by conventional band- 

ing analyses, including subregion deletions within a gene, for example, the Rb-1 gene. 

It is still further an object of this invention to provide methods of studying the genetic heterogeneity of can- 
cers, such as, solid tumors, and of gene copy numbers and structural abnormalities from morphologically 
defined individual tumor cells. 

55 The invention further provides for automated means of detecting and analyzing chromosomal abnormali- 

ties, particularly genetic rearrangements, as indicated by the staining patterns produced according to this inven- 
tion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows fiuoresence in situ hybridization (FISH) with fourteen Rb-1 lambda phage clones (Rb-1 
probe) in normal and abnormal metaphase spreads and interphase nuclei. Panels A and B show two pairs of 
bright and specific hybridization signals on normal lymphocyte metaphase preparations in the mid-region of 
the q-anm of chromosome 13. Panel B further shows cohybridization with a 13/21 centromeric probe. Panel C 
shows a digital image analysis of the mapping of the Rb-1 gene on a metaphase chromosome using both the 
Rb-1 probe and the 13/21 centromere specific repeat probe. Panel D shows two bright and specific hybridization 
domains in interphase nuclei of normal lymphocytes. Panel E shows cohybridization of the Rb-1 probe and a 
13/21 centromere specific repeat probe to metaphase spreads of a fibroblast cell line (GM05877) derived from 
a sporadic retinoblastoma patient. Intact chromosome 13s show both Rb-1 and centromere signals; whereas 
chromosome 13s with a Rb-1 deletion are slightly shortened and hybridize only with the centromeric probe. 
Panel F shows a digital image analysis of the GM05887 cell line metaphase showing both the normal and shor- 
tened chromosome 13 and wherein cohybridization was effected with both the Rb-1 and 13/21 centromeric 
probe. Panel G shows hybridization of the Rb-1 probe to a GM05887 cell line interphase. Panel H shows hyb- 
ridization of the Rb-1 probe to a clinical breast cancer specimen. Panel I shows a digital image analysis of a 
dual color hybridization to a normal interphase nucleus; differently labeled portions of the Rb-1 probe-a 3'- 
(green) portion and a 5' (red) portion-were hybridized to the normal interphase nucleus. 

Figure 2 graphically illustrates the distribution of Rb-1 gene hybridization signals in (A) interphase nuclei 
of normal peripheral blood lymphocytes and fibroblasts; and in (B) two cell lines with a cytogenetically defined 
deletion involving the Rb-1 gene at 13q. The results represent the mean (+S.D.) of 3-5 different hybridization 
experiments. At least 150 nuclei were scored from each slide. 

Figure 3 shows FISH with chromosome 1 7 centromeric-specific alpha satellite probe. Panel A shows such 
hybridization to normal lymphocytes wherein in metaphase chromosomes, two chromosome 17 centromeric- 
specific bright signals are seen, and in interphase nuclei, corresponding bright and tight hybridization domains 
are visible. Panel B shows such hybridization to an ovarian cancer cell line (RMUG-L) wherein in both metaph- 
ase and interphase, four signals are visible, indicating aneuploidy of chromosome 17. 

Figure 4 shows FISH with a whole chromosome composite probe for chromosome 3. Panel A shows such 
a hybridization to normal lymphocytes wherein the whole body of chromosome 3 was homogeneously painted 
with fluorescein isothiocyanate (FITC). Panel B shows such a hybridization to an ovarian cancer cell line 
(RMUG-L) wherein four chromosome 3s are specifically stained with FITC and wherein two (to which short 
arrows point) out of the four are apparently shorter than the intact chromosome 3s (to which long arrows point). 
The shorter chromosomes are considered to correspond to those with a 3p deletion. 

Figure 5 shows simultaneous hybridization with a chromosome 3 centromeric-specific probe generated by 
the polymerase chain reaction (PCR) and a chromosome 3 locus-specific cosmid probe (mapped to ch. 3q26 
by digital image analysis). Panel A shows such a hybridization to metaphase spreads and interphase nuclei 
from normal lymphocytes wherein two chromosome 3 centromeric-specific signals (indicated by short arrows) 
and two pairs of chromosome 3q cosmid signals (indicated by long arrows) are clearly visible in the metaphase 
spreads; and wherein two large hybridization domains for the chromosome 3 centromeres and two small 
domains for the chromosome 3q locus-specific probes are visible in the interphase nuclei. Panel B shows such 
a hybridization to a uterine cervical adenocarcinoma cell line (TMCC-1) wherein two chromsome 3 centromeric- 
specific (indicated by short arrows) and two chromosome 3q locus-specific cosmid (indicated by long arrows) 
signals are clearly visible in metaphase spreads whereas a pair of cosmid signals specific to chromosome 3q 
are found to be translocated to another chromosome. 

Figure 6 shows the simultaneous dual color hybridization with a chromosome 3 centromeric-specific probe 
(green) and a chromsome 3 locus-specific cosmid probe mapped to 3p21 (red) to (A) metaphase spreads and 
(B) interphase nuclei of normal lymphocytes. 

Figure 7 shows hybridizations corresponding to those shown in Figure 6 wherein the metaphase spreads 
(A) and interphase nucleus (B) are from an ovarian cancer cell line (RMUG-S). In Panel A, the metaphase 
chromosome on the right exhibits an apparent 3p deletion whereas the metaphase chromosome on the left 
appears intact. In Panel B, chromosome 3 aneuploidy is demonstrated by the four green centromeric domains; 
two intact chromosome 3s are indicated by two pairs of adjacent green and red dots; and two 3p deleted chromed 
some 3s are indicated by the two single green domains. 

Figure 8 shows the simultaneous hybridizations of AAF-labeied chromosome 3 centromeric-specific probe 
(from H. Willard at Stanford) and a biotinylated chromosome 3q cosmid probe (J14R1A12; probes described 
infra under Section VII) to a metaphase spread and interphase nucleus of normal lymphocytes. A normal pattern 
is shown, that is, two green and two pairs of red signals per cell. 

Figure 9 shows hybridizations comparable to that shown in Figure 8 except that the interphase nucleus is 
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from an ovarian cancer cell line (RMUG-S). An abnormal pattern is shown, that is !^*™°"^ Zn 
tromeric-specific green signals and four chromosome 3q cosm.d red signals, .nd.cat.ng that the nucleus con- 
tains four long arms of chromosome 3. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention concerns the use of nucleic acid probes to stain targeted chromosomal material in patterns 
which can extend along one or more whole chromosomes, and/or along one or more regions on one or more 
chromosomes, including patterns which extend over an entire genome. The sta,nmg 

facilitate the microscopic and/orflow cytometric identification of normal and aberrant chromosomes and prov.de 
forthe characterization of the genetic nature of particular abnormalities, such as. genetic rearrangements. The 
term "chromosome-specific" is herein defined to encompass the terms "target specfic and re g.on specrf c 
that is. when the staining composition is directed to one chromosome, it is chromosome-spec.f.c, but it .s also 
chromosome-specific when it is directed, for example, to multiple regions on multiple chromosomes or to a 
region of only one chromosome, or to regions across the entire genome. The term chromosome-spec.f.c ong.- 
nated from the use of recombinant DNA libraries made by cloning DNA from a single normal chromosome type 
as the source material for the initial probes of this invention. Libraries made from DNA from reg.ons of one or 
more chromosomes are sources of DNA for probes for that region or those regions of the genome. The probes 
produced from such source material are region-specific probes but are also encompassed w.th.n the broader 
phrase "chromosome-specific" probes. The term "target specific" is interchangeably used here.n w.th the term 

"chromosome-specific". .. 

The word "specific" as commonly used in the art has two somewhat different mean.ngs. The practice is 
followed herein. "Specific" may refer to the origin of a nucleic acid sequence or to the pattern with wh.ch .t w.H 
hybridize to a genome as part of a staining reagent. For example, isolation and cloning of DNA from a specified 
chromosome results in a "chromosome-specific library". [Eg.. Van Dilla et a... "Human Chromosome-Specific 
DNA Libraries: Construction and Availability," Biotechnology, 4:537 (1986).] However, such a l.brary contains 
sequences that are shared with other chromosomes. Such shared sequences are M ^7«T, MpeC ^ a t ° 
the chromosome from which they were derived in their hybridization properties since they will bind to more than 
the chromosome of origin. A sequence is "chromosome-specific" if it binds only to the des.red port.on of a 
genome. Such sequences include single-copy sequences contained in the target or repet.t.ve sequences, .n 
which the copies are contained predominantly in the target. 

"Chromosome-specific" in modifying "staining reagent" refers to the overall hybridizafon pattern of the nuc- 
leic acid sequences that comprise the reagent. A staining reagent is chromosome-specific if useful contrast 
between the target and non-target chromosomal material is achieved (that is. that the target can be adequately 

V ' SU A probe is herein defined to be a collection of nucleic acid fragments whose hybridization to the target can 
be detected. The probe is labeled as described below so that its binding to the target can be visualized. The 
probe is produced from some source of nucleic acid sequences, for example, a collection of clones or a col- 
lection of polymerase chain reaction (PCR) products. The source nucleic acid may then be processed m some 
way for example, by removal of repetitive sequences or blocking them with unlabeled nuclei acid w. h com- 
plementary sequence, so that hybridization with the resulting probe produces staining of sufficient contrast on 
I target Thus, the word probe may be used herein to refer not only to the detectable nucleic acid, but also 
o*he detectable nucleic acid in the form in which it is applied to the target, for example, with the blocking nucleic 
ac!2 etc ^ The blocking nucleic acid may also be mentioned separately. What "probe" refers to specf.ca.ly 
should be clear from the context in which the word is used. 

When two or more nucleic acid probes of this invention are mixed together, they produce a new probe which 
when hybridized to a target according to the methods of this invention, produces a staining Pattern that .s a 
combination of the staining patterns individually produced by the component probes thereof Thus the terms 
"probe" and "probes" (that is, the singular and plural forms) can be used .nterchangeably within the context of 
a staining pattern produced. For example, if one probe of this invention produces a dot on chro ^^ 9; an ^ 
another probe produces a band on chromosome 1 1 . together the two probes form a probe which produces a 

dot/band staining pattern. . , ^ 

The term "labeled" is herein used to indicate that there is some method to veualize the bound probe, 
whether or not the probe directly carries some modified constituent. Section III infra describes various means 
of directly labeling the probe and other labeling means by which the bound probe can be detected. 

The terms "staining" or "painting" are herein defined to mean hybridizing a probe of this invention to a 
genome or segment thereof, such that the probe reliably binds to the targeted chromosoma I material therein 
and the bound probe is capable of being visualized. The terms "staining" or "painting" are used .nterchangeably. 
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The patternsresultingfrom"staining"or "painting" are useful for cytogenetic analysis, more particularly, molecu- 
lar cytogenetic analysis. The staining patterns facilitate the microscopic and/or flow cytometric identification of 
normal and abnormal chromosomes and the characterization of the genetic nature of particular abnormalities. 
Sect.on III infra describes methods of rendering the probe visible. Since multiple compatible methods of probe 
vrsual.zat.on are available, the binding patterns of different components of the probe can be distinguished-for 
example, by color. Thus, this invention is capable of producing any desired staining pattern on the chromo- 
somes visualized with one or more colors (a multi-color staining pattern) and/or other indicator methods The 
term staining as defined herein does not include the concept of staining chromosomes with chemicals as in 
conventiona karotyping methods although such conventional stains may be used in conjunction with the probes 
of this .nvention to allow visualization of those parts of the genome where the probe does not bind. The use of 
DAPI and propidium iodide for such a purpose is illustrated in the figures 

™Jof i^nnn ''^ h «> m P'exity" is defined herein to mean that the probe, thereby modified contains on the 
order of 50,000 (50 kb) or greater, up to many millions or several billions, of bases of nucleic acid sequences 
which are not repeated in the probe. For example, representative high complexity nucleic acid probes of this 
Snnlhl" 3 C c °^ e n Xity 9reaterthan 50 kb - greaterthan 100,000 bases (100 kb), greater than 200,000 

s 5? f h3n 500,00 ° baS6S (5 °° kb) ' 9reater than one mi,lion bases (1Mb), greater than 2 Mb, greater 
than 10 Mb greater than 100 Mb, greater than 500 Mb, greater than 1 billion bases and still further greater 
than several billion bases. a 

h J-? t6 T ,' C °.T Pl u eX ? y " iS defined her6in accordin 9 to stand ard ™cleic acid complexity as established 
li«Tr h f' - Methods of Enzymol ., 29:363 (1974). See also Cantor and Schimmel, Biophysical Chemistry: 
Part lit. The Behav.or of B.oloqical Macromolecules at 1228-1230 (Freeman and Co. 1 980) for further expla- 
nation and exemplification of nucleic acid complexity. 

The complexity preferred for a probe composition of this invention is dependent upon the application for 
which ,t .s designed. In general, the larger the target area, the more complex is the probe. It is anticipated that 
the complexity of a probe needed to produce a desired pattern of landmarks on a chromosome will decrease 
as hybridization sensitivity increases, as progress is made in hybridization technology. As the sensitivity 
increases, the rehability of the signal from smaller target sites will increase. Therefore, whereas from about a 
40 kb to about a 100 kb target sequence may be presently necessary to provide a reliable, easily detectable 
signal, smaller target sequences should provide reliable signals in the future. Therefore, as hybridization sen- 
s.ftvity increases, a probe of a certain complexity, for example. 100 kb. should enable the user to detect con- 
siderably more loci in a genome than are presently reliably detected: thus, more information will be obtained 
w.th a probe of the same complexity. The term "complexity" therefore refers to the complexity of the total probe 
no matter how many visually distinct loci are to be detected, that is, regardless of the distribution of the target 
sites over the genome. s 

As indicated above, with current hybridization techniques it is possible to obtain a reliable, easily detectable 
signa w.th a probe of about 40 kb to about 100 kb (eg. the probe insert capacity of one or a few cosmids) 
targeted to a compact point in the genome. Thus, for example, a complexity in the range of approximately 100 
kb now permits hybndization to both sides of a tumor-specific translocation. The portion of the probe targeted 
! break P° int ca " °e labeled differently from that targeted to the other side of the breakpoint 
so that the two sides can be differentiated with different colors, for example. Proportionately increasing the com- 
plexity of On probe permits analysis of multiple compact regions of the genome simultaneously. The conven- 
honal banding patterns produced by chemical stains may be replaced according to this invention with a series 
thereof ' (f ° r examp ' e) ' reference P° int s a '°"9 each chromosome or significant regions 

Uniform staining of an extended contiguous region of a genome, for example, a whole chromosome, 
requ.res a probe complexity proportional to but substantially less than, the complexity of the target region The 
complexity required is only that necessary to provide a reliable, substantially uniform signal on the target 
« llT^ m9 ^ COm P ,exity be y° nd the minimum required for adequate staining is not detrimental as long 
as the total nucleic acd concentration in the probe remains below the point where hybridization is impaired 
The decrease in concentration of a portion of a sequence in the probe is compensated for by the increase in 
the number of target s.tes. In fact, when using double-stranded probes, it is preferred to maintain a relatively 
low concentration of each portion of sequence to inhibit reassociatjon before said portion of sequence can find 
a binding site in the target. 

The staining patterns of this invention comprise one or more "bands". The term "band" is herein defined 
as a reference point in a genome which comprises a target nucleic acid sequence bound to a probe component 
which dup lex is detectable by some indicator means, and which at its narrowest dimension provides for a reli^ 

'^l au I d K r H 6 COnd ! ti0 " S t and ProtOCO ' S ° f the Mutation and the instrumentation, among other vari- 
ables, used. A band can extend from the narrow dimension of a sequence providing a reliable signal to a whole 
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chromosome to multiple regions on a number of chromosomes. 

The probe-produced bands of this invention are to be distinguished from bands produced by chemical stain- 
ing as indicated above in the Background . The probe-produced bands of this invention are based upon nucleic 
acid sequence whereas the bands produced by chemical staining depend on natural characteristics of the 

5 chromosomes, but not the actual nucleic acid sequence. Further, the banding patterns produced by chemical 
staining are only interpretable in terms of metaphase chromosomes whereas the probe-produced bands of this 
invention are useful both for metaphase and interphase chromosomes. 

One method of forming the probes of the present invention is to pool many different low complexity probes. 
Such a probe would then comprise a "heterogeneous mixture" of individual cloned sequences. The number of 

10 clones required depends on the extent of the target area and the capacity of the cloning vector. If the target is 
made up of several discrete, compact loci, that is, single spots at the limit of microscopic resolution, then about 
40 kb, more preferably 100 kb, for each spot gives a reliable signal given current techniques. The portion of 
the probe for each spot may be made up from, for example, a single insert from a yeast artificial chromosome 
(YAC), from several cosmids each containing 35-40 kb or probe sequence, or from about 25 plasmids each 

15 with 4 kb of sequence. 

Representative heterogeneous mixtures of clones of this invention include but are not limited to phage, 
plasmids, cosmids, yeast artificial chromosomes (YACS) and inter-species hybrid cells. 

A base sequence at any point in the genome can be classified as either "single-copy" or "repetitive". For 
practical purposes the sequence needs to be long enough so that a complementary probe sequence can form 
20 a stable hybrid with the target sequence under the hybridization conditions being used. Such a length is typically 
in the range of several tens to hundreds of nucleotides. 

A "single-copy sequence" is that wherein only one copy of the target nucleic acid sequence is present in 
the hapioid genome. "Single-copy sequences" are also known in the art as "unique sequences". A "repetitive 
sequence" is that wherein there are more than one copy of the same target nucleic acid sequence in the 
25 genome. Each copy of a repetitive sequence need not be identical to all the others. The important feature is 
that the sequence be sufficiently similar to the other members of the family of repetitive sequences such that 
under the hybridization conditions being used, the same fragment of probe nucleic acid is capable of forming 
stable hybrids with each copy, A "shared repetitive sequence" is a sequence with some copies in the target 
region of the genome, and some elsewhere. 
30 When the adjectives "single-copy", "repetitive", "shared repetitive", among other such modifiers, are used 

to describe sequences in the probe, they refer to the type of sequence in the target to which the probe sequence 
will bind. Thus, "a repetitive probe" is one that binds to a repetitive sequence in the target; and "a single-copy 
probe" binds to a single-copy target sequence. 

Repetitive sequences occur in multiple copies in the hapioid genome. The number of copies can range from 
35 two to hundreds of thousands, wherein the Alu family of repetitive DNA are exemplary of the latter numerous 
variety. The copies of a repeat may be clustered or interspersed throughout the genome. Repeats may be clus- 
tered in one or more locations in the genome, for example, repetitive sequences occurring near the centromeres 
of each chromosome, and variable number tandem repeats (VNTRs) [Nakamura et al, Science 235:1616 
(1987)]; or the repeats may be distributed over a single chromosome [for example, repeats found only on the 
40 X chromosome as described by Bardoni et al., Cvtogenet . Cell Genet ., 46:575 (1 987)1; or the repeats may be 
distributed over all the chromosomes, for example, the Alu family of repetitive sequences. 

Herein, the terms repetitive sequences, repeated sequences and repeats are used interchangeably. 
Shared repetitive sequences can be clustered or interspersed. Clustered repetitive sequences include tan- 
dem repeats which are so named because they are contiguous on the DNA molecule which forms the backbone 
45 of a chromosome. Clustered repeats are associated with well-defined regions of one or more chromosomes, 
e.g., the centromeric region. If one or more clustered repeats form a sizable fraction of a chromosome, and are 
shared with one or more non-target regions of the genome and are consequently removed from the 
heterogeneous mixture of fragments employed in the invention or the hybridization capacity thereof is disabled, 
perfect uniformity of staining of the target region may not be possible. That situation is comprehended by the 
so use of the term "substantially uniform" in reference to the binding of the heterogeneous mixture of labeled nuc- 
leic acid fragments to the target. 

Chromosome-specific staining of the current invention is accomplished by using nucleic acid fragments 
that hybridize to sequences specific to the target. These sequences may be either single-copy or repetitive, 
wherein the copies of the repeat occur predominantly in the target area. If nucleic acid fragments complemen- 
55 tary to non-target regions of the genome are included in the probe, for example, shared repetitive sequences 
or non-specific sequences, their hybridization capacity needs to be sufficiently disabled or their prevalence suf- 
ficiently reduced, so that adequate staining contrast can be obtained. 

The nucleic acid probes of this invention need not be absolutely specific for the targeted portion of the 
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i„, T 6 f Jl 7 mtended t0 Pr ° dUCe " Stainin9 COntrast °- "Contrast" is quantified by the ratio of the stain in- 
produced by clomng a particular chromosome, such as those listed in Table I, can be used as a probe caS 

abouT half Z tT h chrom i ° 1 ? omes - ln a sim P"fied (approximately true to life) model of the human genome 
about ha f of the chromosomal DNA falls into each class. If hybridization with the whole library were capabfe 

LThT* 1 the w b ' ndin9 SitSS> t3rget chromos o™ would be twice as bright (conS Zo of') as 
the others s.nce ,t would contain signal from the specific and shared sequences in the probe whereas the omer 

w of the shared sequences .n the probe would substantially enhance the contrast. Contaminating sequences 
which on y hybrrdrze to non-targeted sequences, for example, impurities in a library, can be Serated m Se 

p r n r ^rr;? at said sequences do not reduce the staini ^ ^ u T e s ^.1 

conibSe to 1h ? 6t SiteS ^ ^ be SatUrated durin9 the h y bridi ^tion. and many other mechanisms 
» Sera K^^gST ^ ™ 

The required contrast depends on the application for which the probe is designed. When visualizina 

whole chromosomes. The smaller the .nd,vidual segments of the target region, the greater the contrast needs 

20 When quant.fy.ng the amount of target region present in a cell nucleus by fluorescence intensity measuZente 
using flow cytometry or quantitative microscopy, the required contrast ratio is on the order 1/rT g ™on 
average for the genome, where T is the fraction of the genome contained in the targeted r^n WLTtUe Jn 
rest J h ' S ^ I ' h3,f ° f t0ta ' fluorescence intensi * «»"es ^ the target regio ^anlaJ fromThe 

2 S abound oTZ:nome e tr P,e ' W H en ' ^ f °< 1. whichlmpri eS 

ence intensity to equal that of the rest of the genome. ""some i nuoresc 

Background staining by the probe, that is. to the non-target region of the genome, may not be uniform This 
degree of non-specificity may or may not inhibit the probe's use for a specific appSion I ^someTales 

For other applications, repetitive sequences that bind to centromeres, for example alpha-satellite seau 

soTor TcfT^T ™ * <*™™™^ fining reagents wherein £ C EcEE 

some or all of the centromeres and/or telomeres in a genome along with perhaps other chromosoma reasons 
Exemplary of such an app.ication would be that wherein the staining reagent is designed to 

35 tura aberrations caused by clastogenic agents that result in dicentnc chromosomes and oVhe SSSlSST 
malrf.es such as translocations. For example, addition of sequences which bind to all »n2£^.^^ 
could allow more reliable distinguishing between dicentrics and translocations ntromeres in a 9 enome 

Application of staining reagents of this invention to a genome results in a substantially uniform distribution 
of probe hybnd,zed to the targeted regions of a genome. The distribution of bound t^^Z^SS 

u> trally umform ,f the targeted regions of the genome can be visualized with useful con test ^r example at oet 

~; n trre y c s r d in the — wherein * is a series °< — - ~-ss 

"Substantial portions" in reference to the base sequences of nucleic acid fragments that are comolementan, 

» ESdTT? T mea0S th3t COm P ,ementarit V * tensive enough so'that tSK^TKZS 
5 hybrids with the chromosomal DNA under the hybridization conditions used. In particUar the Ve™ com 
prehends the station where the nucleic acid fragments of the heterogeneous mJ£p^^!^^ 

ted to control the precrsron of the complementarity required for hybridization J 
The phrase "metaphase chromosomes" is herein defined to mean not only chromosomes condensed in 

Contiguous gone ayndn™*, ar. an e^e of tho gene*: re a m n g .m.nB .ha. th. p„bes and melhods 
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Particular* described here.n m Sections VI and V» " e p P QSOmes 3 , 13 and 17 . Section VI concerns the 
methods for detecting genetic rearrangements *™ u by use of chromosome-specific M 

retinoblastoma tumor suppressor ge ~ ^^SKudlnofto- In subregions involving the Rb-1 locus 

cniuncfen w* a 3p <x»mk. probe a m p«eo m ^^J^, ^ usi „ 9 , »^ety of label, showed 
spreads and interphase nuclei. h t jning compositions of this invention 

ations are used. 
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35 



40 



45 



AAF 
BN 
BRL 
bp 
CML 
DAPI 
dATP 
DCS 

dCTP 
dGPT 
Dl 

dNTP 

dTTP 

DUTP 

EDTA 

FISH 

FACS 

FITC 

HPLC 

IB 

kb 

kDa 

ml 

mM 

mm 

ng 

NP-40 
PBS 
PHA 
PCR 
PI 

PMSF 
PN buffer 
PNM buffer 
Rb-1 



-N-acetoxy-N-2-acetyl-aminofluorene 

- bicarbonate buffer with NP-40 

- Bethesda Research Laboratories 

- base pair 

- chronic myelogenous leukemia 

- 4 6-diamidino-2-phenylindole 

-:rS~Sr D « (a confer.* av*ble ce» 
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deoxycytosine triphosphate 
deoxyguanosine triphosphate 
DNA index 

deoxynucleotide triphosphate 
deoxythymidine triphosphate 
. deoxyridine triphosphate 

- ethyienediaminetetraacetate 

- fluorescence in situ hybridization 
-fluorescence-activated cell sorting 

- fluorescein isothiocyanate 

- high performance liquid chromatography 

- isolation buffer 

- kilobase 

- kilodalton 

- milliliter 

- milliMole 

- millimeter 

ZSr--- ~— * avails — «» - «— ~° < S1 - L0U ' S - MO) 

- phosphate-buffered saline 

- phytohemagglutinin 

- polymerase chain reaction 

- propidium iodide 

- phenylmethylsulfonyl fluoride 8 g.1% NP ^ 0 
:^ZT^X^^. P 0.™ - a*. 

- retinoblastoma tumor suppressor gene 
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RFLP - restriction fragment length polymorphism 

. standard Deviation 

SDS - sodium dodecyl sulfate 

SSC . 0.15 M NaCI/0.015 M Na citrate, pH 7 

u 9 - microgram 

u ' - microliter 

um - micrometer 

uM - micromole 

VNTR - variable number tandem repeat 
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I. Methods of Preparing Chromosom«-Snecific Staining 

■ isolation of Chromosom e^^^ of DNA Fragment L ihrar ipo 

specific refers to the origin of the 0^^^^ DNA, as indicated above, wherein 

chromosome type or chromosomal sub region t wh cn t^l 9 * SUffiC ' ent qUantity of the Darticula ' 

DNA from the isolated chromosome(s) oZrolT^ th l Sta,nmg com P^ition is directed, then extracting the 
o for carrying out subsequent s epToHh^ 

DNA inserts by coning using -LJT^^^S~ DNA * — * -ate a iibrary of 

.acte chromosomes (VACS,, plasmids. 
lambda insertion vectors, more preferably CuZn^tlT^l nT * PWfaWd bacteri °Phages are 
» preferred cosmids include Lawrist 4, Lawrist 5 Td s^osT 35 ' Char ° n 4 ° a " d GEM1 1; and 

^^^^ 

mal DNA are mammals, particularly primate o^n^ ^ . ° f th ' S mVenti ° n - lmportant sourc es of ani- 
- .on.ey, and rodent sources ZZXZtST* ^ 

1. Isolating DNA from an Fn ti re Chromosome . 

of interspecific hybrid cell systems. ForsomWecLs fv in^T Chromosomes wit " or without the use 
sorting techniques. Most, but not all h^££££Z Chr ° m ° SOme can be by currently avai.ab.e 

cells. Carrano et a... "Measuremen andTunf^Z " iS ° ,atab,e by flow sortin 9 f ™ "<™ 

PNAS^e: 1382 (1979). Thus.Tor o^^ 

system may be necessary, see Kao, »Soma«c CeToenS a n d XT' ™ human/rodent ^ cel. 
og^85: 109-146 (1983), for a review anda2hl?.. Gene Mapp.ng," International Review nfr^, 
Specific Human Chromosomes.' PnIs 77 2829 283 3 n 98m T Loca '^" of DNA Segment 
cially available Auorescence-activaleT^^ ««ng can be done by commer- 

al - Mo'ecular cloninp- a LabQratn Man „ al (cS^m^^TT^ 9 ^" 208 " 218 (1961 > : or Maniat * * 

and Characterization of Genomic LibrariL fram^nS^ 1 ^" ^ 76 (1981); Krumlauf « al.. "Construction 
Lawn et a... The .solation and ST^t"?^ 2Q7 ^ 75 ^ 

of Human DNA." Cell. 15: 1157-1174 f 1978V a „rt m~ ■ 7 ? nd - Beta - Glob,n Ge nes from a Cloned Library 
(Cold Springs Har^oratSy 982^ SiSZ D ,f T^"'* ^ A ' ah ™i°j^^ 
Geo,, 52:291 (1987, and Fus cL et al!.' ££X££ ^^^^19*^ 

™ by the National 

^^., 5 37(198S,Sma,,insert.t^ 
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• nMA uuith Hindlll or EcoRI and cloning into the Lambda insertion vector 
with their ATCC accession numbers are shown in Table 1. 
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HUMAN 



r-tr pOMOSOME 

1 

1 

2 

3 

4 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
13 
14 

14/15 

15 

16 

17 

18 

19 

20 

21 

22 

X 

Y 



^n S nMF - ISS^TTfi CEHOHTr TiTBRARlES 



tw rHAROK ?1A VECTOR 

ATCC # 

57753 

57754 

57744 

57751 

57700 

57745 

57746 

57701 

57755 

57702 

57703 

57736 

57704 

57756 

57705 

57757 

57706 

57707 

57737 

57758 

57759 

57710 

57711 

57712 

57713 

57714 

57747 

57715 



T.TBRARY 

LL01NS01 

LL01NS02 

LL02NS01 

LL03NS01 

LL04NS01 

LL04NS02 

LL05NS01 

LL06NS01 

LL07NS01 

LL08NS02 

LL09NS01 

LL10NS01 

LL11NS01 

LL12NS01 

LL13NS01 

LL13NS02 

LL14NS01 

LL99NS01 

LL15NS01 

LL16NS03 

LL17NS02 

LL18NS01 

LL19NS01 

LL20NS01 

LL21NS02 

LL22NS01 

LLOXNS01 

LL0YNS01 



Alternatively, the extracted DNA from a 



sorted chromosome type can be amplified by the polymerase chain 
13 
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Sc^ellTTal "pTJpVT" 9 J? d6Sired S6qUenCeS from h ' brid ce,,s those of 

n^S^nmv T !°l and Characteri2ation <* DNA from Human X Chromosome," PNAS, 

b^5-6528 (1979), and Olsen et al., Biochem.. 19 : 2419-2428 (1980). — 
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2 - isolating DN A from a Portion of a Chromosome . 
3. Single-Stranded Probes. 

plasm* contain, RNA p ron ,ote ra pern,, produolon of s^eSS^f ^ B ' Ue8Cnbe 
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stranded fragments are separated from the resynthesized fragments to form the probe. The target nucleic acid 
is treated with the same restriction enzyme used to construct the probe, and is treated with an exonuclease 
before application of the probe. 



I.B. PCR 



Another method of producing probes of this invention includes the use of the polymerase chain reaction 
[PCR] [Foran explanation of the mechanics of PCR, seeSaikietal., Science, 230: 1350(1985) and U.S. Patent 
Nos 4 683 195 4.683,202 (both issued July 28, 1987) and 4,800,159 (issued January 24, 1989).] PCR offers 

10 a rapid sensitive and versatile cell-free molecular cloning system in which only minute amounts of starting ma- 
terial are required. As shown infra, PCR adapter-linker amplification [Saunders et al.. Nuc. Adds Res., 17 : 9027; 
Johnson, Genomics, 6 : 243 (1990)1 can be used to produce chromosome-specific painting probes of this inven- 
tion. [See PCT 90/00434 (published August 9, 1 990).] 

TaTglt-specific nucleic acid sequences, isolated as indicated above, can be amplified by PCR to produce 

1 s target-specific sequences which are reduced in orfree of repetitive sequences. The PCR primers used for such 
a procedure are for the ends of the repetitive sequences, resulting in amplification of sequences flanked by the 
reoeats 

One can further suppress production of repetitive sequences in such a PCR procedure by first hybridizing 
complementary sequences to said repetitive sequence wherein said complementary sequences have extended 
20 non-complementary flanking ends or are terminated in nucleotides which do not permit extension by the 
polymerase. The non-complementary ends of the blocking sequences prevent the blocking sequences from 
acting as a PCR primer during the PCR process. Primers directed against the Aju and Urepetitive DNAfamil.es 
have allowed the selective amplification of human sequences by interspersed repetitive sequence PCR (IRS- 
PCR) [Nelson et al., PNAS, 86: 6686 (1989); Ledbetter et al.. Genomics, 6: 475 (1990)1. 

25 n. Removal of Repetitive Sequences and/or Disabling the Hybridization Capacity of Repetitive Sequences 

Typically a probe of the current invention is produced in a number of steps including: obtaining source nuc- 
leic acid sequences that are complementary to the target region of the genome, labeling and otherwise pro- 
30 cessing them'so that they will hybridize efficiently to the target and can be detected after they bind, and treating 
them to either disable the hybridization capacity or remove a sufficient proportion of shared repetitive sequ- 
ences, or both disable and remove such sequences. The order of these steps depends on the spec.f.c proced- 

"^The following methods can be used to remove shared repetitive sequences and/or disable the hybridization 
35 capacity of such shared repetitive sequences. Such methods are representative and are ^l 5 ^^^ 
cally in terms of procedures well known to thoseof ordinary skill the art. and which can be modified and extended 
according to parameters and procedures well known to those in the art. 

1. Single-copy probes . 

A single-copy probe consists of nucleic acid fragments that are complementary to single-copy sequences con- 
tained in the target region of the genome. One method of constructing such a probe is to start with a DNA l.brary 
produced by cloning the target region. Some of the clones in the library will contain DNA whose entire sequence 
is single-copy; others will contain repetitive sequences; and still others will have portions of single-copy and 

45 repetitive sequences. Selection, on a clone by clone basis, and pooling of those clones containing only sing- 
le-copy sequences will result in a probe that will hybridize specifically to the target region. The single-copy nat- 
ure of a clone can ultimately be established by Southern hybridization using standard techniques. 

Southern analysis is very time consuming and labor intensive. Therefore, less perfect but more efficient 
screening methods for obtaining candidate single-copy clones are useful. Fuscoe et al.. Genomics, 5 : 100-109 

so (1989) provides efficient proceduresfor selecting large numbersof single-copy sequence or very low copy num- 
ber repeat sequence clones. 

A disadvantage of clone by clone procedures is that a clone is discarded even if only a portion of the sequ- 
ence it contains is repetitive. The larger the length of the cloned nucleic acid, the greater the chance that it will 
contain a repetitive sequence. Therefore, when nucleic acid is propagated in a vector that contains large inserts 

55 such as a cosmid, YAC, or in a cell line, such as hybrid cells, it may be advantageous to subclone rt in smaller 
pieces before the single-copy selection is performed. The selection procedures just outlined above do not dis- 
criminate between shared and specific repetitive sequences; clones with detectable repetitive sequences of 
either type are not used in the probe. 

15 
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2. Individual testing of hybridization properties . 

The hybridization specificity of a piece of nucleic acid, for example, a clone, can be tested by in situ hybridi- 
zation. If under appropriate hybridization conditions it binds to single-copy or repetitive sequences specific for 
5 the desired target region, it can be included in the probe.. Many sequences with specific hybridization charac- 
teristics are already known, such as chromosome-specific repetitive sequences |Trask et al., Hum. Genet., 78 : 
251 (1988) and references therein], VNTRs, numerous mapped single copy sequences. More are continuously 
being mapped. Such sequences can be included in a probe of this invention. 

10 3. Bulk Procedures . 

In many genomes, such as the human genome, a major portion of shared repetitive DNA is contained in a few 
families of highly repeated sequences such as Alu. A probe that is substantially free of such high-copy repetitive 
sequences will produce useful staining contrast in many applications. Such a probe can be produced from some 

15 source of nucleic acid sequences, for example, the libraries of Table I, with relatively simple bulk procedures. 
Therefore, such bulk procedures are the preferred methods for such applications. 

These methods primarily exploit the fact that the hybridization rate of complementary nucleic acid strands 
increases as their concentration increases. Thus, if a heterogeneous mixture of nucleic acid fragments is denat- 
ured and incubated under conditions that permit hybridization, the sequences present at high concentration 

20 will become double-stranded more rapidly than the others. The double-stranded nucleic acid can then be 
removed and the remainder used as a probe. Alternatively, the partially hybridized mixture can be used as the 
probe, the double-stranded sequences being unable to bind to the target. The following are methods represen- 
tative of bulk procedures that are useful for producing the target-specific staining of this invention. 

25 3a. Self-reassociation of the probe. 

Double-stranded probe nucleic acid in the hybridization mixture is denatured and then incubated under hybri- 
dization conditions for a time sufficient for the high-copy sequences in the probe to become substantially dou- 
ble-stranded. The hybridization mixture is then applied to the sample. The remaining labeled single-stranded 
30 copies of the highly repeated sequences bind throughout the sample producing a weak, widely distributed sig- 
nal. The binding of the multiplicity of low-copy sequences specific for the target region of the genome produce 
an easily distinguishable specific signal. 

3b. Use of blocking nucleic acid . 

35 

Unlabeled nucleic acid sequences which are complementary to those sequences in the probe whose hybridi- 
zation capacity it is desired to inhibit are added to the hybridization mixture. The probe and blocking nucleic 
acid are denatured, if necessary, and incubated under appropriate hybridization conditions. The sequences to 
be blocked become double-stranded more rapidly than the others, and therefore are unable to bind to the target 

40 when the hybridization mixture is applied to the target. In some cases, the blocking reaction occurs so quickly 
that the incubation period can be very short, and adequate results can be obtained if the hybridization mix is 
applied to the target immediately after denaturation. A blocking method is generally described by Sealy et al., 
"Removal of Repeat Sequences form Hybridization Probes", Nucleic Acid Research , 13:1 905 (1985). Examples 
of blocking nucleic acids include genomic DNA, a high-copy fraction of genomic DNA and particular sequences 

45 as outlined below (i-iii). 

3b.i. Genomic DNA . 

Genomic DNA contains all of the nucleic acid sequences of the organism in proportion to their copy-number 
so in the genome. Thus, adding genomic DNA to the hybridization mixture increases the concentration of the high- 
copy repeat sequences more than low-copy sequences, and therefore is more effective at blocking the former. 
However, the genomic DNA does contain copies of the sequences that are specific to the target and so will 
also reduce the desired chromosome-specific binding if too much is added. Guidelines to determine how much 
genomic DNA to add and timing of the additions are discussed in EP Pub. No. 430,402 (published June 5, 1 991 ). 

55 

3b.ii. High-copy fraction of genomic DNA. 



The difficulty with use of genomic DNA is that it also blocks the hybridization of the low-copy sequences, which 
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are predominantly the sequences that give the desired target staining. Thus, fractionating the genomic DNA 
to obtain only the high-copy sequences and using them for blocking overcomes this difficulty. Such fractionation 
can be done, for example, with hydroxyapatite as described below (3c. i). 

5 3b.iii. Specified sequences . 

The blocking of a particular sequence in the probe can be accomplished by adding many unlabeled copies of 
that sequence. For example, Alu sequences in the probe can be blocked by adding cloned Alu DNA. Blocking 
DNA made from a mixture of a few clones containing the highest copy sequences in the human genome can 
10 be used effectively with chromosome-specific libraries for example, those of Table I. Alternatively, unlabeled 
nucleic acid sequences from one or more chromosome-pecific libraries could be used to block a probe con- 
taining labeled sequences from one or more other chromosome-specific libraries. The shared sequences would 
be blocked whereas sequences occurring only on the target chromosome would be unaffected. 

?5 3c. Removal of Sequences. 
3c. i. Hydroxyapatite. 

Single- and double-stranded nucleic acids have different binding characteristics to hydroxyapatite. Such 
20 characteristics provide a basis commonly used for fractionating nucleic acids. Hydroxyapatite is commencally 
available [e.g.. Bio-Rad Laboratories, Richmond, CA (USA)]. The fraction of genomic DNA containing sequ- 
ences with a particular degree of repetition, from the highest copy-number to single-copy, can be obtained by 
denaturing genomic DNA. allowing it to reassociate under appropriate conditions to a particular value of C c t, 
followed by separation using hydroxyapatite. The single- and double-stranded nucleic acid can also be discnmi- 
25 nated by use of S1 nuclease. Such techniques and the concept of C 0 t are explained in Britten et al., "Analysis 
of Repeating DNA Sequences by Reassociation", in Methods in Enzymology, 29 : 363-418 (1974). 

The single-stranded nucleic acid fraction produced in 3a. or 3b. above can be separated by hydroxyapatite 
and used as a probe. Thus, the sequences that have been blocked (that become double-stranded) are physi- 
cally removed. The probe can then be stored until needed. The probe can then be used without additional block- 
30 ing nucleic acid, or its staining contrast can perhaps be improved by additonal blocking. 

3c.ii. Reaction with immobilized nucleic acid . 

Removal of particular sequences can also be accomplished by attaching single-stranded "absorbing" nucleic 
acid sequences to a solid support. Single-stranded source nucleic acid is hybridized to the immobilized nucleic 
acid After the hybridization, the unbound sequences are collected and used as the probe. For example, human 
genomic DNA can be used to absorb repetitive sequences from human probes. One such method is described 
by Brison et al., "General Method for Cloning Amplified DNA by Differential Screening with Genomic Probes,' 
Molecular and Cellular Biology. 2: 578-587 (1982). Briefly, minimally sheared human genomic DNA is bound 
to diazonium cellulose or a like support. The source DNA, appropriately cut into fragments, is hybridized against 
the immobilized DNA to C 0 t values in the range of about 1 to 1 00. The preferred stringency of the hybnd.zat.on 
conditions may vary depending on the base composition of the DNA. Such a procedure could remove repetitive 
sequences from chromosome-specific libraries, for example, those of Table I, to produce a probe capable of 
staining a whole human chromosome. 

3d. Blocking non-targeted sequences in the targeted genone . 

Blocking of non-targeted binding sites in the targeted genome by hybridization with unlabeled complementary 
sequences will prevent binding of labeled sequences in the probe that have the potential to bind to those sites. 
For example, hybridization with unlabeled genomic DNA will render the high-copy repetitive sequences in the 
target genome double-stranded. Labeled copies of such sequences in the probe will not be able to bind when 
the probe is subsequently applied. 

In practice, several mechanisms combine to produce the staining contrast. For example, when blocking 
DNA is added to the probe as in 3b above, that which remains single-stranded when the probe is applied to 
the target can bind to and block the target sequences. If the incubation of the probe with the blocking DNA is 
minimal, then the genomic DNA simultaneously blocks the probe and competes with the probe for binding sites 
in the target. 
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W- Labeling the Nucleic Acid Fragments of the Heterogeneous Mixture . 

Several techniques are available for labeling single- and double-stranded nucleic acid fragments of the 
heterogeneous mixture. They include incorporation of radioactive labels, e.g. Harper et al. Chromosoma, 83 : 
431-439 (1984); direct attachment of fluorochromes or enzymes, e.g. Smith et al., Nuc. Acids Res.. 13 : 2399- 
2412 (1985), and Connolly et al., Nuc. Acids Res.. 13 : 4485-4502 (1985); and various chemical modifications 
of the nucleic acid fragments that render them detectable immunochemically or by other affinity reactions, e.g. 
Tchen et al., "Chemically Modified Nucleic Acids as Immunodetectable Probes in Hybridization Experiments," 
PNAS, 81: 3466-3470 (1984); Richardson et al. t "Biotin and Fluorescent Labeling of RNA Using T4 RNA Lig- 
ase," Nuc. Acids Res.. 11: 6167-6184 (1983); Langer et al. t "Enzymatic Synthesis of Biotin-Labeled Polynuc- 
leotides: Novel Nucleic Acid Affinity Probes," PNAS, 78 : 6633-6637 (1981); Brigati et al., "Detection of Viral 
Genomes in Cultured Cells and Paraffin-Embedded Tissue Sections Using Biotin-Labeled Hybridization 
Probes," Virol., 126: 32-50 (1983); Broker et al., "Electron Microscopic Visualization of tRNA Genes with Fer- 
ritin-Avidin: Biotin Labels," Nuc. Acids Res.. 5 : 363-384(1978); Bayer etal., "The Use of the Avidin Biotin Com- 
plex as a Tool in Molecular Biology/ 1 Methods of Biochem. Analysis, 26 : 1-45 (1980); Kuhlmann, 
Immunoenzvme Techni ques in Cytochemistry (Weinheim, Basel, 1984). Langer-Safer et al., PNAS (USA), 79: 
4381 (1982): Landegent et al.. Exp. Cell Res .. 153 : 61 (1984); and Hopman et al., Exp. Cell Re s.. 169: 357 
(1987). 

Exemplary labeling means include those wherein the probe fragments are biotinylated, modified with N- 
acetoxy-N-2-acetylaminofluorene, modified with fluorescein isothiocyanate, modified with mercury/TNP ligand, 
sulfonated, digoxigenenated or contain T-T dimers. 

The key feature of "probe labeling" is that the probe bound to the target be detectable. In some cases, an 
intrinsic feature of the probe nucleic acid, rather than an added feature, can be exploited for this purpose. For 
example, antibodies that specifically recognize RNA/DNA duplexes have been demonstrated to have the ability 
to recognize probes made from RNA that are bound to DNA targets [Rudkin and Stollar, Nature , 265:472-473 
(1977)]. The RNA used for such probes is unmodified. Probe nucleic acid fragments can be extended by adding 
"tails" of modified nucleotides or particular normal nucleotides. When a normal nucleotide tail is used, a second 
hybridization with nucleic acid complementary to the tail and containing fluorochromes, enzymes, radioactivity, 
modified bases, among other labeling means, allows detection of the bound probe. Such a system is commeri- 
cally available from Enzo Biochem [Biobridge Labeling System; Enzo Biochem Inc., New York, N.Y.(USA)]. 

Another example of a means to visualize the bound probe wherein the nucleic acid sequences in the probe 
do not directly carry some modified constituent is the use of antibodies to thymidine dimers. Nakane et al., ACTA 
Histochem. Cvtochem.. 20 (2):229 (1987), illustrate such a method wherein thymine-thymine dimerized DNA 
(T-T DNA) was used as a marker for in situ hybridization. The hybridized T-T DNA was detected immunohi- 
stochemically using rabbit anti-T-T DNA antibody. 

All of the labeling techniques disclosed in the above references may be preferred under particular circumst- 
ances. Further, any labeling techniques known to those in the art would be useful to label the staining compo- 
sitions of this invention. Several factors govern the choice of labeling means, including the effect of the label 
on the rate of hybridization and binding of the nucleic acid fragments to the chromosomal DNA, the accessibility 
of the bound probe to labeling moieties applied after initial hybridization, the mutual compatibility of the labeling 
moieties, the nature and intensity of the signal generated by the label, the expense and ease in which the label 
is applied, and the like. 

Several different high complexity probes, each labeled by a different method, can be used simultaneously. 
The binding of different probes can thereby be distinguished, for example, by different colors. 

IV. In Situ Hybridization . 

Application of the heterogeneous mixture of the invention to chromosomes is accomplished by standard 
in situ hybridization techniques. Several excellent guides to the technique are available, e.g., Gall and Pardue, 
"Nucleic Acid Hybridization in Cytological Preparations," Methods in Enzymology. 21 : 470-480 (1981); Hen- 
derson, "Cytological Hybridization to Mammalian Chromosomes," International Review of Cytology, 76 : 1-46 
(1982); and Angerer et al., "In Situ Hybridization to Cellular RNAs," in Genetic Engineering : Principles and 
Methods. Setlow and Hollaender, Eds., Vol. 7, pgs. 43-65 (Plenum Press, New York, 1985). 

Three factors influence the staining sensitivity of the hybridization probes: (1) efficiency of hybridization 
(fraction of target DNA that can be hybridized by probe), (2) detection efficiency (i.e., the amount of visible signal 
that can be obtained from a given amount of hybridization probe), and (3) level of noise produced by nonspecific 
binding of probe or components of the detection system. 

Generally in situ hybridization comprises the following major steps: (1) fixation of tissue or biological struc- 

18 



EP 0 500 290 A2 

ture to be examined, (2) prehybridization treatment of the biological structure to increase accessibility of target 
DNA, and to reduce nonspecific binding. (3) hybridization of the heterogeneous mixture of probe to the DNA 
in the biological structure or tissue; (4) posthybridization washes to remove probe not bound in specific hybrids, 
and (5) detection of the hybridized probes of the heterogeneous mixture. The reagents used in each of these 

5 steps and their conditions of use vary depending on the particular situation. 

The following comments are meant to serve as a guide for applying the general steps listed above. Some 
experimentation may be required to establish optimal staining conditions for particular applications. 

In preparation for the hybridization, the probe, regardless of the method of its production, may be broken 
into fragments of the size appropriate to obtain the best intensity and specificity of hybridization. As a general 

w guideline concerning the size of the fragments, one needs to recognize that if the fragments are too long they 
are not able to penetrate into the target for binding and instead form aggregates that contribute background 
noise to the hybridization; however, if the fragments are too short, the signal intensity is reduced. 

Under the conditions of hybridization wherein human genomic DNA is used, the preferred size range of 
the probe fragments is from about 200 bases to about 1000 bases, more preferably about 400 to 800 bases 

15 for double-stranded, nick-translated probes and about 200 to 600 bases for single-stranded or PCR adapter- 
linker probes. The preferred hybridization temperature is about 30°C to about 45°C, more preferably about 35°C 
to 40°C; the preferred washing temperature range is from about 40°C to about 50°C. 

The size of the probe fragments is checked before hybridization to the target; preferably the size of the 
fragments is monitored by electrophoresis, more preferably by denaturing agarose gel electrophoresis. 

20 Fixatives include acid alcohol solutions, acid acetone solutions, Petrunkewitsch's reagent, and various 

aldehydes such as formaldehyde, paraformaldehyde, glutaraldehyde, or the like. Preferably, ethanol-acetic 
acid or methanol-acetic acid solutions in about 3:1 proportions are used to fix the chromosomes in metaphase 
spreads. For cells or chromosomes in suspension, a fixation procedure disclosed by Trask, et al., in Science, 
23Q; 1401-1402 (1985), is useful. Briefly, K 2 C0 3 and dimethylsuberimidate (DMS) are added (from a 5x con- 

25 centrated stock solution, mixed immediately before use) to a suspension containing about 5 x 10 6 nuclei/ml. 
Final K 2 C0 3 and DMS concentrations are 20 mM and 3 mM, respectively. After 15 minutes at 25°C, the pH is 
adjusted from 10.0 to 8.0 by the addition of 50 microliters of 100 microliters of 100 mM citric acid per milliliter 
of suspension. Nuclei are washed once by centrifugation (300g, 10 minutes, 4°C in 50 mM kCI, 5 mM Hepes 
buffer, at pH9.0, and 10 mM MgS0 4 ). 

30 A preferred fixation procedure for cells or nuclei in suspension is disclosed by Trask et al., Hum. Genet, 

78:251-259 (1988). Briefly, nuclei are fixed for about 10 minutes at room temperature in 1% paraformaldehyde 
inPBS, 50 mM MgS0 4 , pH 7.6 and washed twice. Nuclei are resuspended in isolation buffer (IB) (50 mM KC1, 
5 mM HEPES, 10 mM MgS0 4 , 3 mM dithioerythritol, 0.15 mg/ml RNase, pH 8.0)/0.05% Triton X-100 at 10*/ml. 
Frequently before in situ hybridization chromosomes are treated with agents to remove proteins. Such 

35 agents include enzymes or mild acids. Pronase, pepsin or proteinase K are frequently used enzymes. A rep- 
resent-ative acid treatment is 0.02-0.2 N HCI, followed by high temperature (e.g., 70-C) washes. Optimization 
of deproteinization requires a combination of protease concentration and digestion time that maximizes hybri- 
dization, but does not cause unacceptable loss of morphological detail. Optimum conditions vary according to 
tissue types and method of fixation. Additional fixation after protease treatment may be useful. Thus, for par- 

40 ticular applications, some experimentation may be required to optimize protease treatment. 

In some cases pretreatment with RNase may be desirable to remove residual RNA from the target. Such 
removal can be accomplished by incubation of the fixed chromosomes in 50-100 microgram/milliliter RNase in 
2X SSC (where SSC is a solution of 0. 1 5M NaCL and 0.01 5M sodium citrate) for a period of 1 -2 hours at room 
temperature. 

45 The step of hybridizing the probes of the heterogeneous probe mixture to the chromosomal DNA involves 

(1) denaturing the target DNA so that probes can gain access to complementary single-stranded regions, and 

(2) applying the heterogeneous mixture under conditions which allow the probes to anneal to complementary 
sites in the target. Methods for denaturation include incubation in the presence of high pH, low pH, high tem- 
perature, or organic solvents such as formamide, tetraalkylammonium halides, or the like, at various combi- 

50 nations of concentration and temperature. Single-stranded DNA in the target can also be produced with 
enzymes, such as, Exonuclease III [van Dekken et al., Chromosoma (Berl) 97:1-5 (1988)]. The preferred 
denaturing procedure is incubation for between about 1-10 minutes in formamide at a concentration between 
about 35-95 percent in 2X SSC and at a temperature between about 25-70-C. Determination of the optimal 
incubation time, concentration, and temperature within these ranges depends on several variables, including 

55 the method of fixation and type of probe nucleic acid (for example, DNA or RNA). 

After the chromosomal DNA is denatured, the denaturing agents are typically removed before application 
of the heterogeneous probe mixture. Where formamide and heat are the primary denaturing agents, removal 
is conveniently accomplished by several washes with a solvent, which solvent is frequently chilled, such as a 
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70%, 85%, 100% cold ethanol series. Alternatively the composition of the denaturant can be adjusted as 
appropriate for the in situ hybridization by addition of other consitutents or washes in appropriate solutions. The 
probe and target nucleic acid may be denatured simultaneously by applying the hybridization mixture and then 
heating to the appropriate temperature. 

The ambient physiochemical conditions of the chromosomal DNA and probe during the time the 
heterogeneous mixture is applied is referred to herein as the hybridization conditions, or annealing conditions. 
Optimal hybridization conditions for particular applications can be adjusted by controlling several factors, includ- 
ing concentration of the constituents, incubation time of chromosomes in the heterogeneous mixture, and the 
concentrations, complexities, and lengths of the nucleic acid fragments making up the heterogeneous mixture. 
Roughly, the hybridization conditions must be sufficiently close to the melting temperature to minimize 
nonspecific binding. On the other hand, the conditions cannot be so stringent as to reduce correct hybridizations 
of complementary sequences below detectable levels or to require excessively long incubation times. 

The concentrations of nucleic acid in the hybridization mixture is an important variable. The concentrations 
must be high enough so that sufficient hybridization of respective chromosomal binding sites occurs in a reason- 
able time (e.g., within hours to several days). Higher concentrations than that necessary to achieve adequate 
signals should be avoided so that nonspecific binding is minimized. An important practical constraint on the 
concentration of nucleic acid in the probe in the heterogeneous mixture is solubility. Upper bounds exist with 
respect to the fragment concentration, i.e., unit length of nucleic acid per unit volume, that can be maintained 
in solution and hybridize effectively. 

The fixed target object can be treated in several ways either during or after the hybridization step to reduce 
nonspecific binding of probe DNA. Such treatments include adding nonprobe, or "carrier, DNA to the 
heterogeneous mixture, using coating solutions, such as Denhardfs solution (Biochem. Biophys. Res. Com- 
mun " 23: 641-645 (1966), with the heterogeneous mixture, incubating for several minutes, e.g., 5-20, in 
denaturing solvents at a temperature 5-1 0°C above the hybridization temperature, and in the case of RNA 
probes, mild treatment with single strand RNase (e.g., 5-1 0 micrograms per millileter RNase) in 2X SSC at room 
temperature for 1 hour). 

V. Specific Applications. 



30 The present invention allows microscopic and in some cases flow cytometric detection of genetic abnor- 

malities on a cell by cell basis. The microscopy can be performed entirely by human observers, or include vari- 
ous degrees of addititional instrumentation and computational assistance, up to full automation. The use of 
instrumentation and automation for such analyses offers many advantages. Among them are the use of fluores- 
cent dyes that are invisible to human observers (for example, infared dyes), and the opportunity to interpret 

35 results obtained with multiple labeling methods which might not be simultaneously visible (for example, com- 
binations of fluorescent and absorbing stains, autoradiography, etc.) Quantitative measurements can be used 
to detect differences in staining that are not detectable by human observers. As is described below, automated 
analysis can also increase the speed with which cells and chromosomes can be analysed. 

The types of cytogenetic abnormalities that can be detected with the probes of this invention include: Dup- 

40 lication of all or part of a chromosome type can be detected as an increase in the number or size of distinct 
hybridization domains in metaphase spreads or interphase nuclei following hybridization with a probe for that 
chromosome type or region, or by an increase in the amount of bound probe. If the probe is detected by fluoresc- 
ence, the amount of bound probe can be determined either flow cytometrically or by quantitative fluorescence 
microscopy. Deletion of a whole chromosome or chromosome region can be detected as a decrease in the num- 

45 ber or size of distinct hybridization domains in metaphase spreads or interphase nuclei following hybridization 
with a probe for that chromosome type or region, or by a decrease in the amount of bound probe. If the probe 
is detected by fluorescence, the amount bound can be determined either flow cytometrically or by quantitative 
fluorescence microscopy. Translocation s, dicentrics and inversions can be detected in metaphase spreads and 
interphase nuclei by the abnormal juxtaposition of hybridization domains that are normally separate following 

so hybridization with probes that flank or span the region(s) of the chromosome(s) that are at the point(s) of 
rearrangement. Translocations involve at least two different chromosome types and result in derivative chromo- 
somes possessing only one centromere each. Dicentrics involve at least two different chromosome types and 
result in at least one chromosome fragment lacking a centromere and one having two centromeres. Inversions 
involve a reversal of polarity of a portion of a chromosome. 

55 

Tumor Cytogenetics 



Numerous studies in recent years have revealed the existence of structural and numerical chromosome 
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„ hannhm(1 , and that provide clues to the genetic nature 
aberrations that are diagnostic for particular d-sease JJ^J^oWlon between chronic myeiogeneous 
of the disease itself. Prominent •" n *"^ 

.eukemiaand a translocation .nvolvmg ^TT^^^ chromosomes 8 and 14 with Burkitts lym- 
with retinoblastoma and the assoc.at.on of * ^normalities is limited by the dfrficulty of producng 

phoma. Current progress in elucidating new tumor ^^^^ analvsis . These problems stem from 
Representative, high quality banded metaphase ^^^^TcSJl. Thus, obtaining mitotic cells is 
the fact that many human tumors are d,fficu.t o. r W»<*£ ZZ significant risk that the cells that do grow 

aberrations in interphase nuclei. These -J^^^J^SL^ thereby allowing rapid 
chromosome probes will facilitate .dentfcat. on * p ;*^^ 

development of new associations between J^"^^^ ^ be made increasingly specific 
lie malignancies becomes increasingly ^^^^j^Zo^oa, at specific sites on selected 
by selecting hybridization probes targeted ^^S^SSTS* closely flank the breakpoints. Use of these 
cLmosomes can be detected by us.ng h ^fZ^Z T t L\ol^s may be detected in interphase 
probes allows diagnosis of these specie A r^^^m^ separated, or because they separate a 
because they bring together hybnd.zat.on d«n»» tat ar no™a..y ^ tQ ^ ^ 
hybridization domain into two, well Interphase analysis is particularly import- 

- ™ =may be present and because they may be 

difficult or impossible to stimulate into m,tos ^ amplification and loss of heterozygosity, can also 

„e implicated in an increasing number of different tumor,. 
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Probes . 

Fourteen ,a m bda obage -es -ic, ~ ~ 
ma exons of tr,. Rb-1 gone were obtained ftom Yam Ka. Fung .v> ^ p „ age 

of chromosome 13 in metaphase P^ons The ^^T^q.^ , 87(4 ): 489-494 (1991). Briefly, 
chain reaction (PGR) according to m * hods ^^ and two primers (30 

the probe was made by PCR us.ng 'Jj^ during the PCR reaction by including b.ot,n 

U M) specific for the alphoid sequence. The P/°^* ^^^^^^ 

11-dUTP(100%).OIigonudeotidepr^^^^^^ synthesized using phosphoramidite 

chromosomal DNA as a template these primers generate a 135 bp product. 



Cell samples. 
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PHA-stimulated norma, P-P-*^ ^^^^ 
nnes from retinoblastoma patients of Genera. Medical Science) 
del(13) (pter-q14.1::q22.1-qter) obta.ned from the NIQMS _( N a samp , es 
Human Genetic Mutant Cel. Repository ^"f^a^ 
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In situ hybbridization . 

5-10 ug of un.abe.ed-l=^ cen J ,£? KSSS?^^^ 
ured for 5 min at 70°C and then allowed to nanneal faSS » m^!fSlS , T° deXtra " SU ' phate was denat " 
of Rb 3' end probe and 20 ng of Rb 5' end ZblvasuLVlZ 5 ♦ dUa ' CO '° r »»*«■»*»■. 20 ng 
2 ng of J. centromeric probe was used wt 20*40 nTof he^Rb ro^T^ 13/21 PTObe 
formamide, 2XSSC at 70°C for 2 min Hybridizatton wWh«1 1 P ThS S " d6S Were dena ^ed in 70% 
for 2 days. "ybnd.zataon was done under a coverslip in a moist chamber at 37°C 



'5 Staining. 
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onc^iS^^Z^^ bmeS i0 5 ° % f ° mamide - 2XSSC 1 ° twice in 2XSSC and 
fVectorLabora^^^ 

b-avidin (Vector Laboratories, Inc ) (5 uo/ml incuh Jl„ T 30 m,nutes at room temperature. An- 

" a ™C^^ 

beled sheep antibody against digoxigenin and a second lair Lf ^ det6Cted usin 9 an FIT C""a- 

Laboratories, .nc). Before each antibody or Sfl„ treat^em ^ I, H anti " She6P RTC a " tib ° dy < Vector 
or PNM. Between the antibody incubations th slides^ "111 ^ preblocked either 1 %BSA 

TRITON X-1 00 or three times in PN buffi^^^3Ti? ^i"* * SSC ° nCe in 4XSSC/0 - 1 % 
uM DAPI in an antifade solution counter-sta.ned with 0.2 ug/ml propidium iodide orO 27 



Fluorescen ce microscopy and dioital image analysis 
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analysis was used. [Zeiss Axioplan GuantpTrn™ m f etaphase "V^'d-zahon signals accurately, digital image 
stored on computerLgne^ 

software program based on the TCL-.mage sofTar^ o^jV^ T usin9 a s P ecific 

stained chromosome and draws the longLdinaTaxfs o" the ch™ Pr ° 9ra '" defines ^ ^our of the DAPI- 
overiaid in pseudocolors on the chromosome image to cZ^Z^Tr W™ 2 *™ sianals « «™> 
from the p-telomere compared to the total chrornX^ ie^ * - «™ 

Results . 

1A and 1B). A more accurate localization of the Rb 11 Q ! chromosome 13 were obtained (Figs 
distance ( +S .D.) of the Rb-1 sig nal from Z 3 pter (o ferm^f * ^ The mean 

tion of the Rb-1 gene in the band Ql^Fg ^ 

was first attempted in normal lymphocytes and fibrobt st s S, , m ^ b - 1 h h ): b " d,zation from '^rphase nuclei 
J* gene alleles were detected in about 90% oSJSSTfi Si ^ * ybnd ' 2ation si 9 na,s Renting the 
three fluorescence signals. In intemh ase th. fl ^ ^ ' ne rema,n,n 9 10% sh °wed either one or 

2-4 small adjacent individual spots probably hS^JT^T a,WayS S ' n9U,ar but could ^ a * 

Two fibroblast cell lines from raLwaa™^! £l C ° nS ' StS ° f three separate 
were used to test the sensitivity of^^^«1^ , r 0 T ,1 • de ' 8ti ° nS affeCt,n9 the ^ re 9 io " 
eel, lines one Rb-1 signal was detected in abot 7(3o% o SS^ST", °? c hybridfeatfo " si 9" a '- '" both 
preparations from those ceil lines hybridized -m^a^wX^ T J ( ^ 1G ^ 2B) " Metaphase 
showing that the norma, chromosome 13 hrtTSETSSi" "fl a " d th6 13/21 -ntamartc probes 
slightly shortened chromosome 13 hybridized onlv vlth £-7 d RM Signals ' whereas the ot her 

The Rb-1 probe was also used to sSne nlLT « nb «n«c probe (Fig. 1E and 1F). 
cancer patients. Although the ^ c^^JJ?^ 3nd ^ PreParati ° nS from different b - a «* 
tured cells, it was sfl. possible to e^R^eloZu^T^ back9round ^orescence than cul- 

» kd-t gene copy numbers from individual tumor nuclei (Fig. 1 H). As 
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^n-ys* - six cm~ The mod- of ce», wW"* an, Rb-1 s<9- 

nprfnw* w«h c-l culture. * e *^^hM^Tde4=d huler of Rb-1 -gn**~*» in 

were scored from each slide. 



Table 2 
No. signals/nuclei (%) 
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49 
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B236 


16 
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11 


33 


20 


10 
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2.25 



DI = DNA index 

Todetectsubregionso^^^ 

were used as hybridization probes, was significant* less than with the 
ase chromosomes and interphase nude, ^f 8 ^ 

pooled Rb-1 probe. In contrast, ,f 2-5 ~nt.guous^hage dones^ ^ ^ ^ ^ ^ ^ gene jn mterpn . 

Thus, in condusion. the Rb-1 ^.^"^l^SEa.. [Spares et al.. Science^: 1042- 044 
,oca«on of the gene to be in dose prox.m.ty £thaa*«j- D to I ^ ^ ^ tQ ^ jnvo , v . ng 
( 1 980)]. Also shown in this secUon ,s ^^"JJjJJJ^, unban ded propidium iodide stained metaphase 
Lro-1 ^^^^^^^T^^^^ m *e representative example of this secfon 
preparations, it was "J^^J^'SS^ 13s with a deletion in the Rb-1 locus were 
was a 13/21 pericentromenc alpha saieime yiu 

thereby identified. rf om on«itrate that chromosome-specific painting can be used 

The representative examples of th-s secuon d^ 

to detect Rb-1 gene deletions from nte staining is determined by the 
to have a constitutive deletion .n ^™£**2£%£ has be en found to be dependent on probe target 
. hybridization efficiency obtained '^^^^TSSJEn done using probes to pericentromenc repet.t.ve 
size. Previous studies on interphase F '^^ efficiencies around 90-95% (Pmkel et a... 

sequences with a target size of a few; hybnd ^ ^ efflCienC y 

supra 1986). In experiments usmg ft. 1 J^JJJ^ sample s the efficiency was apparently less s,nce 
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*e - co- hybridi2e with other reference probes for 

chromosomal abnormities. The cZonetc I^Zf^? ^ * e preSence of "«"•*» 

parations cannot be applied to interphaT LlvSs 2? S3t f " lte probe used successfully in metaphase pre- 
* be distinguished. Therefore, for nSrphase ana^s is it To, ZT* ** Chromoso ™* 13 and 21 cannot 
some 13 be used. ""erpnase analyse, ,t ,s preferred that a reference probe specific for chromo- 

heteLTent^^ section demonsfcate the genetic 

gene copy numbers from morphologically deTeS ipXiS? 9 ene,ty 11 coup,ed with «» possibility of studying 
10 some-specific staining methods of thi^Lnln Ce " S *" maj ° r adva "^ges of the chroma! 

V "- gg^jg" " Chromosome 3 and 17 A^^ g Associated ^ ( ^ 
Probes . 

15 

Two centromeric-specific alpha satellite probes are used in th* «n«>^ . 
one ,s specific to chromosome 17. and the other to chromo^m^ t, P resentat,ve exam P ,es <* this section; 
ared similarly as the 13/21 specific cenfromeric nrnhT * centrom «"c-specific probes were prep- 

those probes were prepared^ ^^^"ZZ^^ * ^ VL Spedfi ^ 
0 enzyme fSaiki et a.., Science^- :487 -^lt)]^ZT ' emP ' 0ying 3 therm ^table 

Probe specific for alpha g ateHjte^^ 

preparation of such Bluescribe libraries as subdon no a T' ~ 9138 " 9142 < Dec - 19M) Ascribes the 
able, for example, as LL17NS01 or LAIZNSOslJan D^a Tt *? Wh ' Ch is pub,ic, V ava ''" 

Bluescribe plasmids [Statagene, La Jolla CA (USA)] BjoiJechnolp^4: 537-552 (June 1986)J into 

Labo^o^ 

PH 8.4 at 20°C; 1.5 mM MgCI 2 ; 5 ^^^^2 ^ p^^^^^ [1 ° mM 

2'-deoxyguanosine 5'-triphosphate (dGTP), and ^C^mlST'^T (dATP), 
from Sigma, St. Louis, MO (USA)]; and 1 2 uM each o t h.I! ^nucleotide triphosphates were 

IA(A/TXC/G)T(C/A)ACAGA^ a " d WA2 [WA1 5'- GAAGCT- 

Minera. oil (100 ul) (Squibb, Princeton! NJ (USA)]was Le^S £2 MC ^ C ^^'C } AgTF^. 
ation during the PCR. ' J 3yered on top of tne reaction mixture to prevent evapor- 

step of 90 seconds at 94°C (120 second^^r; J )] ' Cyde began with a mer mal denaturation 
of each cycle was performed ^^^J^S^P^ Primer sealing during the second step 
to 72»C. The cycle was completed by ^TZu.l^ slowly (^C/minute 

cat,on of alpha satellite DNA was confirmed visually bvXJonh , f " dS f ° r primer ext ension. Amplifi- 
es °"4°/„ agarose gels (BRL) in 40 m M ™^^^^^ 

[M3niatis et Molecular Cloning: A lahnratr^kfil. .T^^PT^' P 8 ° C ° ntainin 9 ^ "9™ ethidium bromide 
N.Y.) (USA) (198^rT he concentration of dS Sd DMA ' L" 9 ^ Laboratoi y- C °' d Spring Harbor, 
bV Hoeschst 33253 fluorescence using a ^SSSS^S 

-slu^ 

mixture. The reaction buffer was the samTas £ se ^ 

probe above except that dTTP is used instead T^ uZp ChrOm ° S0me 17 centromeric-specific 

(USA^T^ cyder PerKin-Elmer/Cetus, Norwal, CT 

Primer annealing and extension were performed a. 5 "c Z 7 ir m ' nUte 3 ° S6C ° ndS durina the firet 
amplification was accomplished in a seconrreacln £2^F!T™*- biotin y ,ati °" a " d ^rther 



15 



EP 0 500 290 A2 

Tag polymerase rWeier et al., .1 Histochem. Cvtochem.. 38 : 421-426 (1990)]. The amplification/btotinylation 
reaction was performed during an additional 20 PCR cycles. Amplification of degenerate alpha satellite DNA 
was confirmed visually by gel electrophoresis of 1 0 ul aliquots of the PCR reaction in either 1 .8% or 4% agarose 
(BRL) in 40 mM Tris-acetate, 1 mM EDTA buffer. pH 8.0 containing 0.5 ug/ml ethidium bromide. After completion 
5 of PCR, labeled probe and amplified DNA were stored at -18°C. 

Chromosome 3 alpha satellite centromeric-specific repetitive probe . 

Another chromosome 3 centromeric-specific probe called palpha 3-5 was obtained from Huntington Willard, 
w Ph D [Department of Genetics, Stanford University School of Medicine, Stanford. CA (USA)]. That probe was 
described at the Ninth International Workshop on Human Gene Mapping in Paris ( Cvtogenet Cell Genet 46 
(1-4)- 424 564 and 712 (1987), and 51(1-4): 1 1 1 (1989)]; and a similar probe is described in Waye and Willard. 
Chromosoma (Berl), 97: 475-480 (1989). The palpha 3-5 probe was labeled with AAF according to conventional 
methodology for use in experiments described below. 

3p cosmid probe . 

A 3p cosmid probe called cCI3-787 was obtained from Yusuke Nakamura, MD, Ph.D. [Division of 
Biochemistry Cancer Institute, Toshima, Tokyo, 1 70, Japan]. Its isolation and mapping to 3p21 .2-p21 .1 is des- 
20 cribed in Yamakawa et al.. Genomics. 9( 3): 536-543 (1 991 ). That probe was amplified and labeled with biotin 
according to a PCR linker/adapter method described in Johnson, Genomics, 6: 243-251 (1990) and Saunders 
et al.. Nuc. Acids. Res.. 17 (22): 9027-9037 (1989). 

3q cosmid probe . 

25 A 3q cosmid probe named J14R1A12 was developed and provided by Wen-Lin Kuo [Biomedical Depart- 

ment P O Box 5507 (L-452), Lawrence Livermore National Laboratory, Livermore, CA 94550 (USA)]. It was 
obtained from a chromosome 21 flow sorted library prepared by conventional means. It was mapped to the loca- 
tion 3q26 using an extrapolation of the fractional length for the probe to a chromosome 3 ideogram. It was 

30 labeled with biotin-dUTP using the Bio Nick™ Labeling System [BRL Life Technologies. Inc. Gaithersburg, MD 
(USA)l. 

Composite Whole Chromosome 3-Specific Probe . 

35 A probe specific for the whole chromosome 3 was a Bluescribe plasmid library for chromosome 3 prepared 

according to Pinkel et al., PNAS (USA). 85 : 9138-9142 (Dec. 1988) and named pBS3. 

Cell Samples. 

40 Used in the following examples were PHA-stimulated normal peripheral blood lymphocytes: two ovarian 

cancer cell lines, designated as RMUG-S and RMUG-L. provided by Shiro Nozawa, MD. Ph.D. (Department 
of Obstetrics/Gynecology, School of Medicine, Keio University, 35 Shinano-machi, Shinjuku-ku. Tokyo, 160, 
Japan) and described in Sakayori et al., Human Cell. 3( 1): 52-56 (1 990); and a uterine cervica ,l ; ^"orarc»ioma 
cell line named TMCC-1. described in Sakamoto, J- Tokvo Med. College. 46(5): 925-936 (1988). RMUG-S ,s 

45 a hypod'iploid cancer cell line, whereas RMUG-L is a hypertriploid cancer cell line. Both lines were cloned from 
the same clinical specimen. 

In situ hybridization and staining. 

so The protocols resulting in the hybridizations shown in Figures 3, 4 and 5 were the same as those used in 

Section VI except that for Figure 3, the hybridization mixture contained 5 ug of herring sperm DNA instead of 
5 ug of unlabeled placental DNA, and reannealing of the denatured probe just before in situ hybridization was 
not performed; and for Figure 4, the hybridization mixture contained a reduced amount of unlabeled human 

placental DNA explicitly 0.5 ug. . 
55 For the results shown in Figures 6 and 7. the hybridization protocols differed from that detailed in Section 

VI in that before hybridization, the slides were pretreated with 100 ug/ml of RNase for 30 minutes at 37°C and 
then treated with 1 ug/ml of Proteinase K for 7.5 minutes at 37°C. The hybridization mixture comprised 1 ul 
biotinylated 3p cosmid (wherein the PCR product was diluted 1:10 with double distilled, deionized water) or 30 
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ng - 40 ng 3q cosmid; 2 ng chromosome 3 alpha satellite centromeric-specific probe (palpha 3-5) labeled with 
AAF; 5 ug - 10 ug unlabeled human placental DNA; and 7.0 ul of master mix [which consists of 5 ml formamide 
to which 1 g dextran sulphate and 1 ml 20XSSC (prepared using deionized. double distilled water) was added 
the pH of which was adjusted to 7.0 with 1N HC1 and the final volume to 7 ml was completed with deionized,' 
double distilled water. The master mixture is stored at -20°C indefinitely. 

For the results shown in Figures 6 and 7, a dual color staining protocol was performed essentially according 
to Trask and Pinkel, Methods in Cell Biology. 33: 383-400 (1991). Briefly, the slides were washed three times 
in the washing solutions for 10 minutes each at 45°C, 2XSSC for 10 minutes at 45°C, 0.1XSSC for 10 minutes 
and PN buffer (wherein the percentage of NP-40 is 0.05% rather than 0.1 %) for 5 minutes at room temperature' 

The washing solutions comprise 50% formamide:2xSSC (75 ml formamide; 15 ml 20xSSC; and 60 ml 
deionized, double distilled water wherein the pH is adjusted to 7.0 with 1 N HC1). 

The slides were preblocked with 20 ul PIMM buffer under a 22 x 22 mm coverslip at room temperature for 
5 minutes inside a dark moist chamber. The coverslip was then taken off. and the PNM buffer drained from the 
slide. 

Twenty ul of anti-AAF and Avidin-Texas Red solution were added to the cells' area per slide and then cov- 
ered with a 22 x 22 mm coverslip. The slides were incubated within a dark moist chamber for 1 hour at room 
temperature. The anti-AAF and Avidin-Texas Red solution was prepared by adding 8 ul of 0.25 ug/ul Avidin- 
Texas Red (Vector Laboratories, Inc.) to 1 ml of the supernatant of anti-AAF producing mouse cells. 

The coverslips were then removed, and the slides washed with intermittent shaking in the PN buffer thrice 
for 10 minutes each in a dark place. 

The cells were then preblocked as described above. Twenty ul of goat-anti-mouse-FITC antibody and bioti- 
nylated anti-Avidin antibody solution was added to the cells' area on each slide. The cells were covered with 
a coverslip and incubated inside a dark moist chamber for one hour at room temperature. The antibody solution 
per ml comprised 20 ul of goat-anti-mouse FITC antibody (from Cal tag [Burlingame, CA (USA)] i e the final 
concentration is 20 ug/ml) and 10 ul biotinylated anti-avidin antibody solution at the concentration of 0 5 mg/ml 
(from Vector Laboratories, Inc., i.e., the final concentration is 5 ug/ml) to 970 ul antibody dilution buffer fix Dul- 
becco's PBS (Ca, Mg free). 0.05% TWEEN 20, 2% normal goat serum]. 

The coverslips were removed from the slides, and the slides are then washed with intermittent shaking in 
the PN buffer thrice for 10 minutes each in a dark place. The cells were then preblocked as indicated above 

Twenty ul of the Avidin-Texas Red solution were added to the cells' area per slide, and then a coverslip 
was applied. The slides were then incubated inside a dark moist chamber for one hour at room temperature 
The Avidin-Texas Red solution comprises 8 ul of a 0.25 ug/ul Avidin-Texas Red (Vector Laboratories Inc ) to 
1 ml of the antibody dilution buffer. ' 

The coverslips were then removed from the slides, and the slides washed in the PN buffer thrice for 10 
minutes each in a dark place. About 8 ul of 0.8 urn DAPI (counterstain) in an anti-fade solution is prepared 
according to Johnson and Nogueria, J. Immunol. Methods. 43: 349 (1981) [100 mg p-phenylene-diamine dihyd- 
rochloride (Sigma P1519) in 10 ml Dulbecco's PBS; pH adjusted to 8 with 0.5 M carbonate-bicarbonate buffer 
90 ml glycerol added; filtered through 0.22 urn; stored at -20°C] was added to the slides. The slides mounted 
with the anti-fade solution can be stored in a dark chamber at 4°C. 

Results. 



Figure 3A shows the hybridization of the chromosome 1 7 centromeric-specific alpha satellite probe to nor- 
mal lymphocytes wherein in metaphase chromosomes, two bright signals are seen, and in interphase nuclei 
two bnght tight hybridization domains are visible. Figure 3B shows the hybridization of that probe to the human 
ovarian mucinous cysto-adenocarcinoma (RMUG-L), wherein in both metaphase and interphase, foursiqnals 

are visible. 

These examples are representative of the use of chromosome-specific repeat probes for the detection of 
numerical chromosome aberrations on chromosome 1 7 which are used as a component of the high complexity 
staining probes of this invention. 

Figures 4A and B show hybridization of the whole chromosome composite probe for chromosome 3 (pBS3) 
(A) to normal lymphocytes and (B) to the ovarian cancer cell line (RMUG-L). Two normal chromosome 3s are 
seen in Figure 4A, whereas four chromosome 3s are seen in the ovarian cancer cell line (Figure 4B) of which 
the ka^otype' 6 "^ Chr ° moSOme 3s ' a pattern whicn is congruent with a 3p deletion in 

Chromosome-specific recombinant lambda libraries have been constructed for all the human chromo- 
somes by the National Laboratory Gene Library Project [Van Dilla et al. (1986), supra]. Subsequently those 
libraries were subcloned into Bluescribe plasmid vectors (Stratagene), and whole chromosome composite 
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iarker chromosomes. ovamn iP* of the use of locus-specific probes to count the 

Figures 5A and B as we., as Figure ^ pX of hybridization domains. Figures 
copy numberof specificgenes ,n probes to detect translations. As indi- 

5A and B provide , ; e P rese " tat ^ "caCexa^nformation on genetic rearrangements within 

cated above, such examples are the first step n««"g from chromos0 me 

a iocus. The 3q cosmid probe employed in these studies is ,ust one h metaphase spre ads, 
o 3 that can be used [Yamakawa et a... ??SB^^«J^ 

probes with deferent .abe.s according to th eirorder • a norma. *^>^ spreads or interphase 

chromosoma. aberrations differing from ^^^^^^Zo^ A be used to detect 
nudei, probes with different .abe.s accord.ng to ^^^^^^ in cancer ceils, 
structure chromosoma. aberrations for example commo^ repeat 

f5 Figures 5A and B f^ h ^ Z p ^ and a 3c, cosm* probe 

20 translocated to another chromosome , , yrnph0C ytes, metaphase spread and interph- 

Figures 6A and 6B show dual color " *m""T ^e hybridizations to an ovarian cancer cell line, 

ase nucleus, respectively. Figures 7A and 7B f^^^eT^ls from Huntington Wil.ard) and 
A chromosome 3 centromeric-spec.f.c repet.t.ve probe ^ ^^a^ and amplified and labeled by 

25 ^e^ 

experiment. «i iwmnhocvtes was diqitized by the digital fluorescent 

centromeric signals and two red signals of the * *-"Un (centrom- 

,0 the RMUG-S (RMUG-L) ce..s showed . lesser number o ^^P^rJ^ 5 ° % (52 o /o) of inter phase 
Se^ R «^"H— ^ns of JW cosmid signal and 4 domains of the 

tromerispecific probe (from H. Wil.ard) and a ^^^^^^^L and wherein in 
in Figure 8 the target is a metaphase spread .^^^J,. A pattern for a norma. 

Figure 9 the target is an interphase green signals and 

chromosomal complement .s shown in figure. 8 as c J° A ^° norma| ttern is snown in Figure 9 as four 
two pairs of chromosome 3q cosmid red signals per ceh A" «bnonn p .^.^ ^ 

chromosome 3 centromere-specific greer , signals '^^^^ 8 and 9 support the feasibility 

«• - ■«■ <— ■ «- J^SZSL- Panted .» o, ■» 
The de.cHp.ions of ft. forsooiaQ S inl«o„ to th. prce*. Com. dls- 
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with various modifications as are mn^^J^^T^f T*" h Van '° US emb ^nts and 
hereby incorporated by reference. P ' USe contem P |ate d- Ail references cited herein are 
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12. A chromosome-specific staining reagent according to Claim 1 1 wherein said step of amplifying said pieces 
of isolated DNA is performed by using the polymerase chain reaction (PCR). 

13. A method according to ant one of claims 1 to 8 or 10 performed in conjunction with digital image analysis. 

5 14 A method of staining targeted chromosomal material based upon nucleic acid sequence employing high 
" complexity nucleic acid probes wherein the staining pattern produced is indicative of one or more genet.c 
rearragements associated with a tumor suppressor gene. 

15 A method according to Claim 14 wherein the tumor suppressor gene is either the retinoblastoma tumor 
10 suppressor gene or located on the p arm of chromosome 3, and the genetic rearrangement is a deletion. 
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FIG.1A FIG. IB 




FIG.1C FIG. ID 
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FIG. IE FIG. IF 



FIG.1G 
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FIG.3A 
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FIG. 6 A 
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FIG. 8 FIG. 9 



35 



